Background: A number of large trials have confirmed the benefits of thrombolysis in acute stroke, but there are gender differences. We sought to examine the relationship between sex and outcome after thrombolysis. Methods: This was a prospective cohort study including 1,272 incident ischemic strokes (597 in women) from April 1, 2006 to December 31, 2014. Statistical approaches were used for analyzing survival outcomes and their relationship with thrombolysis therapy. Results: The death rates were lower (p = 0.003) in the thrombolysis therapy group with an incidence ratio of 0.57 (95% CI 0.39-0.83). 113 (8.8%) patients (53 women) received thrombolysis. They were significantly younger (69.2 ± 12.7 vs. 73.9 ± 12.5 years; p < 0.001), had higher NIHSS score (12.7 ± 6.3 vs. 7.3 ± 7.0; p < 0.001), spent more days in hospital (10.4 ± 8.3 vs. 8.3 ± 7.9; p < 0.001), and had a higher average Barthel score at discharge (85.5 ± 24.4 vs. 79.2 ± 28.6; p = 0.023). The male/female incidence ratio showed a significant decrease (p = 0.01) in the incidence of mortality in women and a better Barthel score. The thrombolysis improved the survival in the overall group with thrombolysis versus without thrombolysis (p = 0.028), in women versus in men with thrombolysis (p = 0.023), and in women with thrombolysis versus in those without thrombolysis (p < 0.001) but not in men with thrombolysis versus in those without thrombolysis (p = 0.743). The protective factors as re-
gards mortality were thrombolysis therapy (95% CI 0.37-0.80; p = 0.002), Barthel score ≥ 60 (95% CI 0.81-0.94; p = 0.002), and cardiovascular secondary prevention 1 year after stroke (0.13, 95% CI 0.06-0.28). Conclusions: The stroke death rates were lower in women after thrombolysis treatment and suggest significant benefit for women in this setting. The overall benefit on survival of the patients treated with thrombolysis might be explained by the beneficial effect of the thrombolysis on the women.
Background
Previous reports [1] [2] [3] [4] [5] [6] concerning sex-related differences in stroke management and outcome are inconsistent and sometimes difficult to interpret, and so the reasons for gender disparities in stroke outcome have remained unclear. Functional outcomes and quality of life after stroke are consistently poorer in women despite adjustment for baseline differences in age and prestroke function, and the fact that comorbidities and clinical outcomes were not different between women and men [3, 7] . Once the reasons for these differences are better understood, intervention might be possible to help provide the best care for all patients. This work is a continuation and extension of the Ebrictus Study [8] [9] [10] . Prior work has suggested sex-based differences in thrombolytic therapy in subjects with acute stroke [11] . We explored whether sex might modify the effect of thrombolysis on survival and functional outcomes in patients with acute ischemic stroke [12] beyond the usually evaluated time period of 6 months after stroke and compared this with the group without thrombolytic treatment.
Methods
This is a prospective cohort study including 1,272 incident strokes (597 in women) from April 1, 2006 to December 31, 2014. Statistical approaches were used to analyze survival outcomes. It is a longitudinal study of a population-based cohort of all registered cases of a first episode of stroke that occurred between April 1, 2006 and December 31, 2014 in Baix Ebre and Montsia (Tarragona, Spain).
Demographic Patterns and Epidemic Characteristics
In the last two decades the region has been characterized by negative growth and a higher aging factor. The population aged >80 years has increased 66% in the period from 1986 to 2006, comprising 3.5-5.9% of the overall population. Life expectancy at birth is 81.34 years globally, 78.26 years for men and 84.74 years for women.
Case Definition
The definition of stroke corresponds to that set by the World Health Organization. Patients were included by using the automated operation of the database of patients with a diagnosis code of stroke (I60-I69). Once the inclusion criteria were confirmed, data from the protocols of the clinical history of primary care (e-cap) and hospital records for any of the defined services (e-SAP) were systematically reviewed. All primary care centers and hospitals in the area were included.
The inclusion criteria were: age ≥ 15 up to ≤ 90; usual residence in the area and/or assignment to any of the participating primary care centers for 5 years at the time of the stroke episode; a diagnosis of stroke explicitly recorded in their medical record at any of the registration systems in the health centers of the area; it should be a first stroke episode, and relevant episode information should be available in clinical records: (a) outpatient clinic, (b) hospital clinic, or (c) access to medical/sociosanitary reports.
The variables on which information was collected were grouped as follows: sociodemographic; clinics: type (ischemic or hemorrhagic stroke) and event date (day/month/year); NIHSS score on admission; whether or not there was thrombolytic therapy; duration of hospital stay; hospital discharge destination (home, higher-level acute hospital, long-term care hospital, death and date thereof); pre-and poststroke functional autonomy [the Barthel score was classified as follows: <20 (total dependence), 20-35 (severe dependence), 40-55 (moderate dependence), ≥ 60 (mild dependence), or 100 (independence) registered for preepisode and for discharge in the medical history of the patient, the hospital, or the primary care center]; functional status of the patient at discharge: death, home-autonomous, home address caregiver, referral to another acute hospital, or convalescent center (temporary or long-term stay), and vital status (alive/dead) of the patient, specifying the date (day/month/ year) of death, if any.
Statistical Analysis
Computerized statistical analysis was undertaken with the following: (1) descriptive basic statistics and standard deviation of key variables stratified by age and sex and (2) differences in functional outcome and its evolution before and after the episode determined the possible effects on mortality and different residual deficits categorized with the statistical Cox regression model. Mortality should be interpreted as overall mortality and cause-specific, no stroke. Patients who died during hospitalization or within the 1st month are considered 'immediate death'. During follow-up the deceased are described as 'subsequent mortality'. The analysis and processing of data was performed using the SPSS 11.5 statistical package for Windows.
Results
We analyzed 1,272 consecutive patients from our local prospective stroke database who suffered first-ever strokes (men 53.1%, p = 0.008) from April 1, 2006 to December 31, 2014. The average age was 73.9 ± 12.5 years (25-90). The men had a significantly (p < 0.001) lower mean age than women and had a lower NIHSS score (p < 0.001). The average follow-up was 3.6 ± 3.7 years. The male/female incidence ratio was 1.004 (95% CI 0.860-1.173). Of the total patients, 10.32% died in the 1st month and 42.9% at 5 years. There were no differences in adjusted mortality rates between the sexes. The survival probability was 0.47 (95% CI 0.39-0.55) 5 years after stroke.
1,160 patients (46.9% women) were not treated with thrombolytic therapy ( table 1 ) . Compared with those with thrombolysis, they were significantly older, with less severe stroke by NIHSS score, spent fewer days in hospital, with lower Barthel score after stroke, with fewer referrals to acute hospitals for complications, and a higher mortality incidence. The survival probability was 0.39 (95% CI 0.33-0.45) 5 years after stroke. In this group the women were significantly older, with a more severe stroke by the NIHSS score, more days in hospital, the lowest Barthel score, the highest percentage of patients with a Barthel score <60 after stroke, and a survival probability lower than that in men (incidence ratio = 1.20, 95% CI 1.00-1.42). The mortality among men with a Barthel score <60 was higher (incidence ratio = 2.27, 95% CI 1.10-4.69) than that in women. 113 (8.9%) patients (53 women) received thrombolysis. They were younger, suffered more severe strokes, and had lower mortality and higher Barthel score after stroke. The survival curves showed lower mortality (OR = 0.67, 95% CI 0.47-0.95, p = 0.028) among those with than those without thrombolysis. The survival probability was 0.55 (95% CI 0.41-0.70) 5 years after stroke. Thrombolysis improved the survival in the overall group with thrombolysis versus in that without (p 0.028); in women ( fig. 1 ) versus men with thrombolysis (p < 0.001), and in women ( fig. 2 ) with thrombolysis versus in those without (p < 0.001) but not in men with thrombolysis ( fig. 3 ) versus in those without (p = 0.743). The women treated with thrombolysis had the best Barthel score, with a lower prevalence of moderate prevalence and the longest survival outcome.
The overall survival probability among women was 0.70 ± 0.06 and among men 0.41 ± 0.02 (p = 0.012). The incidence density of mortality for the overall group was 8.5/100 cases/ year follow-up (95% CI 5.4-12.8); in the group of women it was 4.2/100 cases/year (95% CI 1.5-9.2) and in the group of men 13.4/100 cases/year (95% CI 7. 8-21.5 ). An increased risk in men compared to women was shown (incidence ratio = 3.2, 95% CI 1.2-8.0). The factors significantly associated with survival were gender (woman OR = 1.12, 95% CI 1.05-1.20) and were treated with secondary cardiovascular prevention 1 year after stroke (0.13, CI 95% 0.06-0.28). The NIHSS is an independent predictor of functional outcome and correlates with the Barthel score after stroke (p = 0.022) and survival (p < 0.001): the highest NIHSS score has the highest risk of Barthel score of ≤ 60 (OR = 1.14, CI 95% 1.08-1.20). A Barthel score <60 is a predictor of long-term mortality. Its incidence rate was 2.75 (CI 95% 1.82-4.14, p < 0.001).
The Barthel score before stroke was close to full independence (92.9 ± 17.7) and was significantly (p < 0.001) higher in men (94.9 vs. 90.4) than in women. 79.1% were independent before the stroke and only 5.5% had a moderate or greater dependence earlier. The percentage of patients with moderate or greater dependence increased up to 22.5%. The relative risk reduction was 46%, the absolute risk reduction was 9.4% to get a reduction in the number of people with the outcome of a Barthel score <60 at discharge, and the number needed to treat was 10 to get another result with a Barthel score >60 at discharge. Age (OR 1.07, 95% CI 1.01-1.13) and NIHSS score (OR 1.1, 95% CI 1.04-1.18) were identified as the only independent prognostic protector factors regarding dependence (Barthel <60).
Discussion
The results from this study contribute evidence that intravenous thrombolysis may modify the survival and recovery expected in the natural course of an ischemic stroke, with possibly a larger beneficial treatment effect in women when compared to men. We found that exposure to thrombolysis in women is much more beneficial than in men. The women treated with thrombolysis got the best Barthel score, the lowest dependence prevalence, and the longest survival outcome. We cannot say the same of the men or at least there is no such evidence. Some authors [13] had attempted to explain that multifactorial reasons were responsible for these observed differences in clinical stroke between men and women. Some may result from differences in socioeconomic factors such as advanced age, comorbid illnesses, or decreased social support [14] , but clearly new data on the effects of response to thrombolysis suggest that there are biological differences. Men have a higher risk of any cause death than women up to 85 years of age, but changes in survival after stroke differ by sex and it is unclear whether poststroke differences reflect differential effects of stroke per se or differences in the prestroke situation. The challenge is whether these data can achieve better health outcomes by selecting patients with a more favorable risk versus thrombolytic profile, especially among men.
Former studies reported that mainly outcome and mortality were comparable between the two sexes after 3 months, but found a higher mortality in women and, just the opposite, a higher mortality in men according the statistical tool used [15] or when different hemispheres were affected [16] . The age, the higher cardiovascular risk, the secondary prevention, the clinical severity, and the functional residual capacity measured by Barthel's scale can all be considered as prognostic factors after the stroke episode [17, 18] . The disparity in stroke outcome is not explained by differences in the ischemic lesion volume or the presence of intracranial artery occlusions [18] , but the thrombolytic therapy seems to add greater benefit in women than in men. This gender effect seems go on beyond the benefit of functional outcome and the usual gender difference in outcome. In conclusion, women had longer survival and improved functional results with thrombolytic therapy after acute ischemic stroke independent of admission NIHSS scores, Barthel score, and age. The lower benefit of the male gender on outcome indicates that further additional work is needed to maximize outcomes in as many patients as possible. A greater understanding of the differences and similarities between males and females with respect to the risk factors, previous cardiovascular risk factors [10, 13, [17] [18] [19] , previous physical or mental condition, response to acute stroke therapies, and recovery will hopefully lead to better outcomes in both sexes in the future.
Thrombolytic treatment for acute ischemic stroke improves the prognosis but is time dependent. This treatment presents unique challenges for the development of tools [20, 21] to support decision-making as regards optimizing treatment rates by assisting clinicians to weigh up the potential net benefit in treating any individual patient; to support clinicians in communicating accurate information on risks/benefits and prognosis to patients, and to seamlessly support different approaches to decision-making about thrombolysis such as the thrombectomy [22] .
In this new era of acute stroke therapy [23] , this research makes available new scientific information on clinical data, confirms at least a larger beneficial treatment effect in women when compared to men in the form of better health outcomes and lower mortality, dealing with the doubt whether men actually have some benefit in their incidence of mortality, indicating the need to develop specific types of interventions to improve stroke outcomes in men [8] .
There are some limitations as regards our study. First, it was a retrospective review of medical records. As sex is a nature-determined factor, primary randomization was obviously not possible. Our results are limited to patients treated with thrombolysis. Thus, factors influencing the outcome after stroke such as sociodemographic parameters were not investigated. When analyzing a complex intervention, such as the principal characteristics of existing practices, it is vital to consider the management of information involved in the process as key elements that should be common and shared between hospitals and communities to grant a continuity of care.
Conclusion
Thrombolysis reduces the mortality and disability after the first stroke episode, especially among women, and secondary cardiovascular prevention reduces the risk of mortality 7 times. These results suggest a significant major probability of survival among women that increases progressively beyond 3 months.
The overall benefit on the survival of the patients treated with thrombolysis might be explained with the beneficial effect of thrombolysis on the women. The challenge is whether these data can achieve better health outcomes through the selection of patients with a more favorable risk versus thrombolytic profile.
